
NEBULAE  AND  
STAR  CYCLES

For descriptions and background 
information, see sections 6 & 7.  



TYPES  OF  NEBULAE

supernova blast ionizes gases that emit 
light                                 (Crab Nebula) 

supernova 
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glowing gases shed by a late stage star  
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planetary 
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dust and gas blocking light from beyond  
(molecular clouds; Horsehead Nebula)

dark nebula

clouds of dust and gas that reflect nearby 
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reflection 
nebula

nearby hot stars energize and ionize 
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The Rosette Nebula in Hydrogen, Oxygen, and Sulfur
Credit: T. A. Rector, B. Wolpa, M. Hanna (AURA/NOAON/NSF)
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The Witch Head Nebula
Credit: Gary Stevens
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Molecular Cloud Barnard 68

Credit: FORS Team, ESO
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Credit: Arne Henden , US Naval Observ., Flagstaff, Image Processed by Al Kelly

The Dark Horsehead Nebula
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Credit: H. Bond (STScI), R. Ciardullo (PSU), WFPC2, HST, NASA

NGC 2440: Cocoon of a New White Dwarf
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Credit: FORS Team, ESO

The Crab Nebula from VLT
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7.  THE  LIFE  CYCLES  
OF  STARS
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6.  NEBULAE 
 
 
A nebula is a cloud of gas and dust that glows, reflects light, or blocks light from behind it.  
Astronomers have identified five types of nebulae (plural for a single nebula).  The first two are diffuse 
clouds near forming or recently formed stars.  The third is similar in make-up to the first two, but is 
different in its location.  The last two occur during the later stages of a star’s life. 
 
 
Emission nebulae are clouds of high temperature gases.  Nearby hot, young stars give off heat and 
ultraviolet radiation, and this energy causes the ionization of the nebula’s atoms.  First the electrons are 
“excited” and escape from the nucleus to a higher energy level; later they fall back into their customary 
locations.  In doing so, they give off light energy.  Spectral emissions, the light given off, vary with the 
electron’s orbitals.  As emissions of hydrogen are of a specific wavelength, red light is emitted.  (The 
color depends upon which gas is predominant� red, hydrogen or neon; green, oxygen; blue, helium or 
sulfur.)  The Rosette Nebula shows examples of emissions from hydrogen, oxygen, and sulfur.  The 
presence of some dust lanes can provide some strong highlights.   
 
 
Reflection nebulae are clouds of dust and gas that do not create their own light; they merely reflect 
light.   The stars forming nearby do not give off enough heat or ultraviolet radiation to excite the gases 
as is the case with emission nebulae.  The new stars’ light, however, is reflected and scattered by the 
particles of the nebula.  The scattering typically results in a blue color, similar to the sunlight passing 
through our atmosphere.  The Witch Head Nebula reflects the light from the star Rigel in the 
constellation Orion. 
 
 
Dark nebulae neither emit nor reflect light; instead they block light from beyond.  They too have dust 
and gas, but this time the particles screen out the light from stars and nebulae that are behind the dark 
nebulae, as viewed from Earth.  “Molecular clouds” and the dark silhouette of the Horsehead Nebula 
show this phenomenon. 
 
 
Planetary nebulae are not related to planets.  They were misnamed by early astronomers who 
identified their fuzzy images as planets.  They are instead the glowing of gases shed off in the later 
stages of the life of a red giant star.  After much of the hydrogen has been “burned off,” these stars 
collapse.  Helium burning leaves a core of carbon ash in a dense sphere roughly the size of the Earth.  
The resulting hot white dwarf star gives off enough heat to ionize the hydrogen and oxygen gases that 
had been expelled.  (The bottom left image on the transparency shows the light given off by the gases 
surrounding a new white dwarf.)  Sometimes pulsating expulsions lead to concentric rings seen in such 
nebulae as The Ring or Cat’s Eye. 
 
 
Supernova nebulae appear in the late stages of a more massive star’s life.  The star can collapse until 
its own pressure creates an explosion.  The supernova blasts its outer layers into space.  The blown off 
gases are ionized by the shock wave and continuing radiation.  The ionization again causes first an 
excitation of electrons and then a release of light energy.  The Crab Nebula, one of these supernova 
remnants, gave off so much energy that it was visible during daylight hours for three weeks in 1054. 
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7.  THE  LIFE  CYCLE  OF  STARS 
 
 
Stars are born when a large “cloud” of gas and dust, a nebula, is drawn inward due to the gravitational forces 
between its molecules.  This convergence causes the particles to bump into each other so often and so forcefully 
that the temperature and pressure rises to high levels at the center.  At 15 million degrees, electrons are stripped 
from their nuclei.  The nuclei are so energized that they stick together overcoming their typical electric 
repulsion.  This is nuclear fusion.  Huge amounts of energy are given off when two hydrogen atoms fuse to 
form a helium atom.  This energy emanates out from the core, and upon reaching the surface is then emitted out 
as electromagnetic radiation.  The star shines.  The color of this starshine depends upon the temperature.  The 
hotter stars are blue; the cooler are red.  (This is similar to a flame above a candle.)  The color, temperature, and 
size of the newly formed star is determined by the amount of matter that made up the original nebula (cloud of 
gas and dust).  All stars begin similarly, but their later development takes one of three directions, depending 
upon their mass. 
 
A low mass star has a mass less than half of our Sun’s.  With less mass, it is cooler and tends to be orange, red, 
or even brown.  Ironically the hydrogen it has is consumed very slowly; fusion can last 10 billion years.  When 
the outward pressure caused by hydrogen-burning (fusion) lessens, the core starts to collapse.  The resulting 
pressure causes helium atoms to fuse together.  This again releases heat from a condensed core, as it becomes a 
white dwarf.  Later the available helium will be used up, and it ends its life as a small, cool, dark black dwarf. 
 
A medium mass star is similar to our Sun.  The hydrogen-burning stage is actually quicker, and when the 
hydrogen is depleted, the outward forces powered by the fusion become less than the gravitational forces.  As 
with the low mass stars, the resulting collapse builds enough heat and pressure to fuse helium atoms.  This again 
creates an outward pressure, and the star swells to become a red giant.  (At that point in the Sun’s cycle, 4-5 
billion years from now, it is expected to engulf Mercury, Venus, and the Earth.)  The hot, dense core then has 
enough heat and pressure to fuse the helium into carbon.  Carbon is stable.  So even under the heat and pressure 
of the matter in a medium mass star, fusion stops.  The outer layer is shed in a planetary nebula of gas and dust.  
The remaining 20% of the original mass cools and shrinks to a dense white dwarf, roughly the size of the Earth.  
It continues to radiate heat over the next billion years until the fuel supply is gone.  It ends its life as a black 
dwarf� cold and incapable of radiating heat. 
 
A massive star typically has a mass more than five times that of the Sun.  It too is “born” from gas and dust in 
stellar nurseries.  It too goes through hydrogen- and helium-burning stages.  Its increased mass, however, results 
in enough heat and pressure to next power nuclear reactions that produce iron in the core and oxygen and 
nitrogen around it.  Fusion ceases with iron, as its greater stability would require much additional energy for it 
to fuse into heavier elements.  The core then undergoes a rapid gravitational collapse.  The iron atoms are 
crushed to the point that the repulsive forces between their nuclei cause an explosion� a supernova.  A 
tremendous amount of energy is released, creating a brilliant light.  The energy also heats matter in the outer 
layer which now fuses new, heavier elements.  The force of the explosion propels matter off into space� the 
material of future stars, planets, and moons.  Meanwhile the compression of electrons forced inward toward 
their nuclei causes them to combine with protons to form additional neutrons.  The even denser neutron star
packs more mass than the Sun has into a ten-mile diameter sphere.  Some neutron stars are pulsars, or pulsating 
stars.  These entire stars spin so rapidly (in just seconds!) that their kinetic energy is transformed into x-rays and 
gamma-rays.  These radiations exit at the magnetic poles.  With the stars revolving so rapidly, the light 
emanating from the poles is seen to come in flashes, or pulses, when viewed from afar.  The most massive stars 
become black holes.  The gravitational attraction between the tremendous amount of matter is so strong that the 
core now collapses into an extremely dense, small ball.  It is so dense in fact that nothing can escape its gravity, 
not even light.  Since no radiation from within the black hole escapes, black holes cannot be seen.  Their 
presence can only be deduced from their ability to block and capture light, and their effects on the orbits and 
motion of stars and even galaxies. 
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